Objectives: Prolonged cortical spreading depression (CSD) has not been associated with neuronal injury 1 because of a close coupling between cerebral blood flow (CBF) and cerebral metabolic rate of glucose (CMRG). The hippocampal formation, however, is known for its selective vulnerability of CA1 neurons even after a brief episode of transient cerebral ischemia. It, therefore, was of interest to examine the hippocampal CBF/CMRG coupling and the histological outcome after repetitive hippocampal spreading depression (HSD). Methods: Male BD IX rats (n = 21) were used for this investigation under pentobarbital anesthesia and mechanical ventilation. HSD was induced by micropipette injections of 4 Mol KCl into the CA1 layer of the hippocampus. Hippocampal EEG activity and DC waves were recorded from a neighbouring glass microelectrode attached to a calomel electrode. In 5 rats, double tracer autoradiography was applied during repetitive HSD using 14 C-deoxyglucose (DG) for local CMRG starting at 15 mins after HSD onset and 131 I-iodoantipyrine (IAP) at 44 mins for CBF. In other animals, CBF was examined at 15 mins and CMRG after 45 mins of continuous HSD. The histological outcome was examined in a separate group following 45 mins of several HSD waves after 7 days of survival. Results: The most striking finding of this investigation was the absence of CA1 neuron loss at one week after 45 mins of repetitive HSD despite a pronounced mismatch of the early hippocampal CBF/CMRG coupling. After several evoked HSDwaves at 45 min, CMRG had increased by 66% (41±8 vs. 68 ± 16 mmol/100g/mins; P < 0.05) whereas CBF declined by 38% (78 ± 14 vs. 56 ± 8 ml/100g/min; P < 0.05) (see Figure) , accounting for a severe mismatch of the flow/metabolism relationship (0.9± 0.3 vs. 1.9 ± 0.3 ml/mmol; P < 0.05). CMRG and CBF measured at 15 mins or 45 mins following HSDs were comparable. At day 7 after 60 mins of repeated HSDs, however, no significant difference in the number of hippocampal CA1 neurons was observed. Conclusions: In this study, it has been shown for the first time that a severe mismatch in CBF/CMRG alone does not cause neuronal injury, even in most selectively ischemic vulnerable CA1 neurons. These findings suggests that not the transient decrease in CBF and/or the rise in CMRG trigger neuronal injury per se but a critical level of hypoxia and its duration seems to determine neuronal survival. Further studies are in progress to elucidate the observed pathogenetic differences of hippocampal CA1 injury in transient ischemia and HSD.
Purpose: Cortical spreading depression (CSD) is a fundamental process in brain pathology, but visualization of its occurrence is difficult without employing invasive techniques. Here we report a novel model in which CSD occurrence is noninvasively evaluated from objective clinical symptoms. Method: We used sixteen male C57BL/6J mice, anesthetized with isoflurane. A pinhole was drilled above the left parieto-temporal cortex, 1 mm lateral from the sagittal suture and 1 mm posterior from the bregma and 10 ml of 0.3 M KCl solution was injected through the hole onto the dura of the left cerebral cortex (n = 8). The same amount of saline was injected in control mice (n = 6). In 2 additional mice, DC potential was continuously recorded to confirm CSD occurrence with an enamel-covered 150 mm platinum electrode (implanted 300 mm deep into the cerebral cortex through another hole 3 mm anterior to the first hole), which was fixed tightly with dental cement to the skull bone. An Ag-AgCl electrode inserted into the space between the skull and scalp was used as the reference electrode. The wires were securely sutured to the back skin and were long enough to allow free movement. The mouse was released from the head holder and its behavior after recovery from anesthesia was videotaped and analyzed. Results: Each mouse awoke within a few minutes, and attempted to stand up. In the CSD group the mouse showed a right-twisted posture with hemiparesis of the right extremities: the right fingers took a flexor position and the leg was loosely extended. Most mice struggled to lift their body, but were not able to do so because of the weakness of the right extremities. The mice could use only the left extremities, and so could only move in circles. Hemiparesis was observed in all KCl-treated mice. It was transient, lasting approximately 5 mins, and was followed by recovery. In the DC potential recording group, we detected negative repetitive deflections of ca. 20 mV in DC potential. When the mouse awoke, the base-line level of the DC potential slightly shifted up, but negative deflection was seen occasionally, overlapping on the baseline record. The alert mouse became quiet with eyes closed concomitantly with the negative deflections. In one mouse the DC potential was recorded for more than one hour, but the recording was terminated when the mouse pulled out the electrode from its brain with its hands. Discussion: Such transient symptoms as abnormal posture and hemiparesis, comparable to those in cases of MCA occlusion, have not been reported previously, since the animals in previous CSD studies were anesthetized and were immobilized with the head fixed to a head holder. We are not certain yet that the hemiparesis observed here reflects the DC potential deflection alone. However, since the same amount of K was administered in exactly the same manner as in the previous reports, we consider that the clinical symptoms elicited were attributable to the CSD. Conclusion: Although the approach used here is quite simple, the model may be useful to investigate CSD.
Cardiovascular response to asphyxia does not critically depend on generation of anoxic depolarization
Recently, we were able to exclude that transient asphyxia (up to 1 mins) conditions the adult rat brainstem for spreading depression (SD). Rather superfusing the brainstem with artificial cerebrospinal fluid (ACSF) in which 75% of the chloride ions were replaced by acetate and to which 10 mmol/L KCl and 10 mmol/L tetraethylammonium (TEA) were added was suitable to condition the brainstem for SD. Brainstem SDs were accompanied by transient increases in regional blood flow in the brainstem, but not in cerebral cortex. Now we tested, whether a transient asphyxia:
(i) can induce DC shifts resembling SD in the adult brainstem, and (ii) whether such DC shifts were accompanied by changes in regional blood flow or vegetative parameters.
Experiments were performed in 15 sodium thiopentone-anesthetized rats (100 mg/kg, i.p.), paralyzed with pancuronium bromide (2 to 4 mg/kg/h i.v.) and artificially ventilated. We recorded DC deflections at two sites in the brainstem close to the caudal trigeminal nucleus (lateral spacing 1 mm), and in the cerebral cortex. Both at the cerebral cortex and at the brainstem local blood flow was continuously recorded by Laser Doppler probes together with arterial blood pressure and heart rate. Blood gases and acid-base balance values were checked prior, during and after each period of asphyxia. Asphyxia was induced by stopping the respiratory pump.
In the native brainstem an asphyxia lasting about 50 to 60s resulted in a negative DC deflection of 5.5 ± 5.4 mV (n = 10) (mean value ± s.d., respectively). Systemic arterial blood pressure (ABP) declined to 25.5%±4.7% and heart rate to 55.3%±21.3%. The regional blood flow in the brainstem decreased to 48.9% ± 28.1% and in the cortex to 66.1% ± 24.1% of baselines. During reoxygenation ABP and heart rate normalized, but blood flow increased transiently in the brainstem to 395.1% ± 100.7%, and in cerebral cortex to 210.9% ± 82.6%. Superfusion of the brainstem with acetate-TEA-KCl-ACSF did not alter blood gases and acid-base balance values. After this pretreatment, 1-min-asphyxia caused negative DC deflections in the brainstem reaching 25.4±6.5 mV (n = 30), accompanied by reduced heart rates (45.2% ± 21.5% of baseline) and ABP (43.8%±16.4% of baseline). Accordingly, regional blood flow in the brainstem decreased to 71.7% ± 33.1% and in cerebral cortex to 66.7% ± 37.2%. During reoxygenation both heart rate and ABP normalized quickly, but similar as in controls, regional blood flow in the brainstem exceeded the baseline to 343.2% ± 135.2% and in cerebral cortex to 225.5%±95.1%. Systemic administration of MK-801 (3 mg/kg, i.p.) did neither influence the asphyxia-related DC shifts nor the observed changes in ABP, heart rate or regional blood flow.
In adult rats the conditioning of the brainstem with acetate-TEA-KCl-ACSF was a prerequisite to observe full-blown negative DC shifts during asphyxia. However, during transient asphyxia heart rate and ABP declined quantitatively similar whether anoxic depolarization was elicited or not. This was in contrast to spreading depression in the brainstem where DC shifts caused a transient increase in regional blood flow in brainstem and in ABP. 1 Thus, the cardiovascular response to asphyxia does not critically depend on generation of anoxic depolarization.
Objectives: Cortical spreading depression (CSD), a slowly propagating wave of neuronal and glial depolarization, is the putative mechanism of migraine aura, and may trigger headache as well. It can be evoked in experimental animals when extracellular K + concentration exceeds a critical threshold upon chemical or electrical stimulation. Spontaneously arising CSD-like depolarizations have recently been demonstrated in injured human brain as well. We have previously shown that migraine prophylactic agents (e.g., valproate) suppress CSD upon chronic treatment. It is not known whether this mechanism is shared by other migraine therapeutics as well. Gabapentin, an antiepileptic which also shows efficacy in migraine in preliminary studies, inhibits Cav2.1 channels (formerly the P/Q type) by binding the a2d-1 subunit. Pharmacologic inhibition and gain-of function mutations in Cav2.1 channels, suppress and enhance CSD, respectively. Therefore, we tested the efficacy of gabapentin on CSD. Methods: CSDs were recorded from parietal and frontal cortex using glass micropipettes in intubated and mechanically ventilated (70%N2O/30%O2) isoflurane-anesthetized rats. Gabapentin was administered as a single intravenous dose; CSD susceptibility was determined 1 h after injection. In addition, gabapentin was administered chronically for 4 weeks in two divided daily oral doses; CSD susceptibility was determined B2 h after the last dose on the day of testing. Chronic valproate treatment (single daily intraperitoneal injections for 4 weeks) was used as a positive control. CSD susceptibility was determined by: Results: A single administration of gabapentin dosedependently suppressed KCl-induced CSD frequency, and elevated the electrical CSD threshold. Chronic oral treatment using a lower dose was ineffective. Chronic valproate administration significantly reduced KCl-induced CSD frequency and elevated the electrical CSD threshold, as reported previously. CSD speed, duration and amplitude did not differ among groups.
Conclusions:
In summary, gabapentin dose-dependently suppressed CSD susceptibility as determined by two independent methods. Unlike other migraine prophylactic agents previously tested, chronic treatment was not required for efficacy, nor enhanced it. These data provide a potential mechanism for gabapentin action in migraine. Furthermore, because chronic treatment was not a prerequisite for efficacy, gabapentin, with its favorable pharmacokinetic and safety profile, may have a role in suppressing the CSDlike injury depolarizations shown to be detrimental in stroke, trauma and subarachnoid hemorrhage. Background and aims: Familial hemiplegic migraine (FHM) is a severe migraine variant. Characteristic are headaches, sometimes accompanied by transient but often severe motor deficits. FHM type 1 has been linked to missense gain-of-function mutations (e.g., S218L and R192Q) in the CACNA1A gene encoding the alpha1 subunit of neuronal Ca v 2.1 channels. FHM patients with the S218L mutation have a stronger clinical phenotype compared to those with R192Q mutation, and may develop seizures and coma in response to mild head trauma. Cortical spreading depression (CSD), the putative electrophysiological event underlying migraine, is a transient disruption of membrane ionic gradients and depolarization that slowly propagates across the cerebral cortex. Under favorable conditions, CSD can propagate into subcortical structures. We previously showed that FHM mutant mice exhibit increased susceptibility to CSD and its propagation into the striatum. Here we studied in detail the subcortical propagation of CSD into striatum, hippocampus, thalamus, brain stem and cerebellum in FHM type 1 mutant mice.
Facilitated subcortical propagation of cortical spreading depression in
Methods: CSDs were induced every 15 mins by brief topical KCl application on the occipital cortex in pentobarbital-anesthetized, mechanically ventilated (70%O 2 /30%N 2 ), and physiologically monitored female R192Q or S218L knockin mice, and recorded simultaneously from subcortical structures and cortex using glass micropipettes. The spatial extent of subcortical SD propagation was studied by c-fos immunohistochemistry, 3 h after 3 CSDs induced over 45 mins.
Purpose: To study subcortical propagation pattern of spreading depression in FHM mutant mice. Results: In S218L mice, CSD regularly propagated into striatum, hippocampus and thalamus, exhibiting an allele-dosage effect. When CSD propagated into thalamus, it did cross the midline and spread to the contralateral thalamus as well; spread into the contralateral cortex was not observed when tested in 3 mice. In R192Q mice, CSD often propagated into striatum (less frequently than S218L) but not into hippocampus or thalamus. None of the mutant strains showed brain stem or cerebellar SD. c-fos expression was upregulated in cortex, striatum, hippocampus (particularly dentate gyrus) and thalamus in S218L, and in cortex and striatum in R192Q mice. Conclusions: In summary, FHM type 1 mutations facilitate subcortical propagation of CSD. Both S218L and R192Q strains show CSD propagation into striatum, the structure likely responsible for post-SD hemiparesis in mice. In addition, the S218L mutation facilitates CSD propagation into hippocampus as well as bilateral thalami, which are potential mechanisms for seizures and altered level of consciousness and coma in these patients. Background and aims: Spreading depression (SD) resembles a concerted, massive neuronal/glial depolarization. Being associated with cerebropathology it is well studied in cortex and hippocampus. Brainstem tissue, however, is considered to be quite resistant to the generation of SD. Nevertheless, there have been recent in vivo studies showing that -upon proper preconditioning-SD can also be induced in the brainstem of rats. 1, 2 We have now analyzed under which conditions hypoxic SD (HSD) can be induced in rat brainstem slices. Methods: Acute brainstem slices (400 mm) were prepared from infant and adult rats and placed in an interface recording chamber (351C to 361C). HSD was induced by severe hypoxia (95% N 2 , 5% CO 2 ) and was followed by extracellular DC potential recordings and optical imaging of the intrinsic optical signal (IOS), complemented by monitoring extracellular K + changes and sharp-electrode recordings from single neurons.
Infant brainstem is prone to the generation of spreading depression during
Purpose: Detailed analysis of the spatiotemporal profile of HSD in acute rat brainstem slices. Results: In brainstem slices (preconditioned by increasing extracellular K + to 8 mmol/L) severe hypoxia triggered SD within a few minutes. The sudden HSD-related extracellular DC potential shift of approximately À20 mV showed the typical profile known from other brain regions and was accompanied by an IOS, i.e. an increase in light scattering within the tissue. 3 Spatiotemporal IOS analysis revealed that in infant brainstem, HSD was preferably ignited within the spinal trigeminal nucleus (Sp5) and spread out mostly medially invading the hypoglossal nucleus, the nucleus of the solitary tract (NTS), and occasionally the ventral respiratory group (VRG). The neuronal hypoxic depolarizations underlying the generation of HSD were massive, but incomplete. At the peak of HSD Sp5 neurons maintained a membrane potential of À35 mV. The propagation velocity of HSD (3.1 ± 1.5 mm/mins, n = 17) and the extracellular K + peak level (49.5 ± 19.4 mmol/L, n = 8) were less marked than in other brain regions. In adult brainstem HSD was mostly confined to the NTS. Its occurrence was facilitated by hypotonic solutions (15 mmol/L NaCl omitted) but not by glial poisoning (5 mmol/L fluoroacetate, 3 to 5 h) or block of GABAergic and glycinergic synapses (20 mmol/L bicuculline plus 0.5 mmol/L strychnine, 20 mins). Conclusions: Brainstem tissue reliably generates propagating HSD episodes, which may be of interest for basilar-type migraine and brainstem infarcts. The preferred occurrence of HSD in the infant brainstem and its propagation into the VRG may be of importance for neonatal brainstem pathology such as sudden infant death syndrome. Supported by the DFG (CMPB) and the BMBF (BCCN-Gö ttingen). (i) normoxic normotension, (ii) normoxic hypotension, (iii) hyperoxic hypotension, (iv) hyperoxic normotension, and (v) normoxic hypertension.
Hypotension was achieved by controlled blood withdrawal, hypertension by intravenous phenyl-ephrine infusion (PHE, 2 mg/ml, 3 ml/h), and normobaric hyperoxia by inhalation of 100% O 2 . Data are mean ± SD. Conditions (i), (ii), (iii), and (iv) were studied within the same rat and compared among each other, while (v) was studied in a separate group of rats and data before and after PHE were compared. *P < 0.01 vs. control. Purpose: To test whether normobaric hyperoxia restores the DC shift prolongation during CSD under hypotensive conditions. Results: Normoxic hypotension doubled the DC shift duration compared to normoxic normotensive rats, and transformed the CBF response by unmasking an initial hypoperfusion as reported previously. Normobaric hyperoxia normalized baseline p t O 2 in hypotensive animals, but failed to restore the DC shift duration or the CBF response. Normobaric hyperoxia did not alter the DC shift duration or CBF response in normotensive animals either. Normoxic hypertension significantly increased baseline CBF (breakthrough hyperemia) and shortened the DC shift duration by B30% without changing the peak hyperemia during CSD. Conclusion: Our data suggest that blood pressure is a critical determinant of CSD recovery and the CBF response to CSD. Hyperoxia did not reverse the hypotensive prolongation of CSD despite normalized p t O 2 , suggesting that the mechanism does not involve tissue hypoxia. Instead, the initial hypoperfusion and diminished hyperemia during CSD (i) the DC potential change preceded the initial hypoperfusion by 65 (16, 83) s; (ii) rCBF fell to 59 (31, 62)% lasting for 118 (88, 265) s; (iii) the local hypoperfusion propagated with the cortical DC potential negativity in the tissue at a rate of 3.5 (1.6, 3.5) mm/mins. (iv) Linear regression found that the durations of the initial hypoperfusion and the cortical DC potential negativity were significantly correlated (R = 0.92, P < 0.001, n = 8). Moreover, linear regression demonstrated a significant correlation between initial changes in level of rCBF and ptiO 2 in response to CSD (R = 0.84, P = 0.019, n = 7).
Results
Conclusion: Similar to animal experiments, 'normal' and 'inverse' coupling occur in the human brain. Thus, 'inverse' coupling is identified as a novel human disease mechanism and potential target for therapeutic intervention. , at the age of 2 months (group 1, n = 6) or 8 months (group 2, n = 6; and group 3, n = 5). The rats were freely breathing during surgery and subsequent data acquisition. Mean arterial pressure was monitored continuously through a catheter inserted into the left femoral artery. The anterior open cranial window incorporated a glass capillary electrode for the recording of EEG and direct current (DC) potential, and a laser Doppler probe for the monitoring of cortical CBF. The posterior craniotomy was used to trigger CSD by the application of 1 M KCl, which was left in the window after the first application, and refreshed every 15 mins during recording. The variables were continuously acquired for 2 h. Each experiment was terminated by cardiac arrest, achieved by the injection of 1 ml air through a venous line in the left femoral vein.
Evolution of cortical spreading depression is altered by aging and chronic cerebral hypoperfusion
Results: The frequency of CSD generation seen on the EEG recording as silencing of the signal was significantly lower due to aging (group 1: 9 ± 6.0/2 h, group 2: 2±1.0/2 h, group 3: 3±2.0/2 h, median± s.d., Kruskall-Wallist test: P < 0.033*). The occurrence of CSD was progressively more frequent toward the end of the 2-h recording period in all 3 groups. The degree of CSD-associated hyperemia showed an age-related tendency to decrease (group 1: 53% ± 7.4%, group 2: 47% ± 8.7%, group 3: 48%±10.4%, mean±s.e.m.). The sudden, transient drop of CBF typically preceding the CSD-associated hyperemia was less prominent in the older rats, especially under CCH (1st CSD: group 1: À34%± 9.5%, group 2: À20%±6.1%, group 3: À13%±4.8%, mean ± s.e.m.).
Conclusions: This study so far demonstrates that K + -induced CSD evolve less likely in older than in younger adult rats, implying a reduced sensitivity or higher threshold for CSD elicitation with aging. The impact of aging and CCH appears most obvious on the CSD-associated changes in CBF, which probably points to a less dynamic regulation of cerebrovascular reactivity. These findings prompt further analysis of CSD evolution in the aging brain, since CSD is known to occur during and after acute cerebrovascular events (e.g. subarachnoid hemorrhage, stroke), which are conditions more prevalent in later life. Supported by the Hungarian Scientific Research Fund (OTKA; nr. K63401). Objectives: Endothelin-1 (ET-1) has attracted increasing interest since its discovery by Yanagisawa in 1988. Recognized as a neuropeptide with neurotransmitter/ neuromodulator functions, ET-1 is also a potent vasoconstrictor. Moreover, it potently induces CSD in vivo. ET-1 has been related to several pathophysiogical states including subarachnoid hemorrhage, ischemic stroke and traumatic brain injury. The mechanism by which ET-1 induces CSD is not fully understood. Possibly ET-1-induced vasoconstriction leads to ischemia which causes CSD. Here we further analyzed whether ET-1induced CSD is preceded by significant pial vasoconstriction and characterized pH changes and electrocorticogram (ECoG).
Does endothelin-1 induce cortical spreading depolarization (CSD) via a direct effect on the vasculature?

Methods:
We used a two cranial window model in rats (n = 11). ET-1 was brain topically applied in one window at 100 nM and 1 mmol/L. A second window served as control. DC/AC-ECoG and laser-Doppler flowmetry were used to detect CSD. The pial arterioles were imaged onto a camera to assess whether significant vasoconstriction precedes ET-1induced CSD. In the sequence of consecutive recorded images we marked our region of interest (ROI) at the right angle to the longitudinal axis of a pial arteriole. A single ROI is a line represented in MATLAB as a diagram with curves for the red, green and blue channels, where the x-axis represents length in pixel and the y-axis brightness. The blood vessel led to a clean valley with low noise in the green channel. The square root of absorbance between two inflection points was used to calculate the diameter value and diameter change over time. In another six experiments we recorded the pH changes associated with ET-1-induced CSD using pH-sensitive microelectrodes (comparison with CSDs in five control experiments). Results: We observed a cluster of recurrent CSDs starting from the ET-1 superfused window and propagating to the control window. The cluster was associated with a negative DC shift of À2.6 ± 2.2 mV on which transient negative DC shifts of CSDs were riding. This was accompanied by a positive DC shift of 0.9 ± 0.9 mV in the control window superimposed with transient negative DC shifts. ET-1 induced significant vasoconstriction in large, medium and small pial arterioles before the first CSD (Wilcoxon Signed Rank Test). The magnitude of vasoconstriction was significantly more pronounced in medium and small compared to large arterioles (Repeated Measures ANOVA with Bonferroni Post-hoc test, Figure) . Only in the presence of ET-1 a pH reduction to 7.20 ± 0.07 preceded the sharp alkaline shift of the CSD in all experiments. The sharp alkaline shift coincided with the negative DC shift of CSD. Conclusions: The pattern of the DC potential changes, the arteriolar constriction and pH reduction prior to the first cluster of CSDs support the notion that ET-1 induces CSDs due to its vasoconstrictive action. Our data may have implications for clinical conditions ranging from migraine to subarachnoid hemorrhage and ischemic stroke.
692. Propagation patterns of peri-infarct depolarization around ischemic foci in rat brain assessed by laser speckle flowmetry Objectives: Cortical spreading depression (CSD) and peri-infarct depolarization (PID) contribute to infarct expansion, however, the temporal and spatial aspects of this process are not fully elucidated. Alterations of cerebral blood flow (CBF) coupled to CSD/PID can be measured as a surrogate to assess CSD/PID propagation patterns in the surrounding of ischemic foci. We here studied CBF using Laser speckle flowmetry (LSF) in the cerebral cortex of rats in an embolic (macrosphere) stroke model. Methods: In 6 male isoflurane anesthetized Wistar rats, a catheter was inserted into the left internal carotid artery. The left cranial bone was exposed (about 11 Â 6 mm) and thinned to a thickness transparent enough to measure indicative CBF using LSF (CBF LSF ). The LSF system (laser diode & detecting camera) was placed over the exposed area to acquire images at a rate of 40 frames/min. TiO 2 macrospheres (diameter 0.335 mm) were injected through the catheter until a detectable CBF LSF change occurred. CBF LSF recording was continued for up to 5 h. Post-experimental evaluations of LSF images allowed three-dimensional spatial processing of CBF LSF changes over time to assess hemodynamic patterns around the ischemic core. Spatiotemporal patterns of CBF LSF changes were analyzed in Results: In 5 out of 6 rats, macrospheres caused occlusion of the middle cerebral artery (MCAo), and in 1 rat occlusion of the anterior cerebral artery (ACAo). In MCAo, the ischemic territory varied to some extent in size and location. In all rats, CSD/PID was observed after arterial occlusion. 1-3 mins after the initial CBF LSF decrease caused by the injection of macrospheres, the first one or two CSD/PID waves propagated radially or concentrically outwards starting from a primary ischemic center. These first waves seemed to act almost like a 'switch' that consecutively left a not well differentiated ischemic center behind and established an ischemic core with clearer borders than those seen in the primary center. Subsequent waves of CSD/PID showed variable patterns depending on the severity of the developing ischemia: In cases of severe ischemia, waves of CSD/PID emerged at the rim of the ischemic core and propagated circumferentially along the rim. In cases of moderate to mild ischemia, in contrast, waves of CSD/PID emerged at multiple foci within a wide zone surrounding the ischemic core, and appeared as a rather chaotic pattern of CSD/PID propagation. This pattern was particularly pronounced in the single case of ACAo.
Conclusions:
The results indicate that depending on the severity of CBF reduction variable patterns of CSD/PID propagation develop in the surrounding of ischemic lesions including concentric, multifocal and circumferential appearance. It is conceivable that the various CSD/PID patterns serve as one mechanism of infarct maturation.
790. Evidence that cortical spreading depolarization (CSD) propagates preferentially along gyri in the human brain The relatively thin layer of grey matter lining the sulci may limit the spread of CSD between neighbouring gyri, thus preventing concentrical spread. Here, we developed a method to study whether CSD propagation in the human brain is consistent with a spread along gyri rather than a concentrical spread. Methods: Eight CSDs were recorded in a patient with aneurysmal subarachnoid hemorrhage (aSAH) using subdural electrocorticography (ECoG). ECoG recordings were acquired continuously in 5 active channels from the 6-electrode (linear array) subdural strips. Electrode 1 served as ground while electrodes 2 to 6 (interelectrode distance 10 mm) were connected in sequential unipolar fashion to an amplifier, each referenced to an ipsilateral subgaleal platinum electrode. CSD was defined by the sequential onset in adjacent channels of a propagating slow potential change (SPC). A CT scan was performed during ECoG monitoring to visualize the platinum electrodes which are invisible in MRI scans. The electrode strip was then superimposed from the CT scan onto the 3D rendered brain surface of the MRI. If two electrodes were positioned on one gyrus, the shortest pathlength between the two electrodes was determined following the ridge of that gyrus. Then the CSD velocity was calculated from the latencies of the SPC onsets between electrode pairs divided by the measured pathlength. This MRI-corrected velocity was compared with the uncorrected velocity assuming an ideal linear spread between electrodes.
Results:
The boxplots demonstrate that large differences of the propagation velocities were observed between different electrode pairs assuming a linear spread along the recording strip. Between subsequent CSDs propagation velocity was remarkably stable. If the velocities were corrected according to the anatomical brain surface assuming a preferential spread of CSD along a gyrus, the differences of the propagation velocities between different electrode pairs decreased significantly (difference between highest and lowest recorded speed: 1.0 (0.8, 1.1) versus 3.2 (3.1, 3.3) mm/min, paired t-test, n = 8, P < 0.0001).
Conclusions:
The data suggest that CSD spread is hindered by sulci in the human brain in a fashion similar to that in other gyrencephalic species. This has to be confirmed in a larger study. Methods: In urethane-anesthetized male Wistar rats (n = 12), a cranial window was made in the left temporo-parietal region. FITC-labeled RBCs were injected through the femoral vein, and the labeled RBCs appearing in the region of interest (ROI) at 50 mm depth below the brain surface were tracked by means of high-speed camera (500 fps) laser-scanning confocal microscopy. Their velocities were calculated with Matlab-domain software, KEIO-IS2. Capillaries were defined as microvessels having a diameter of less than 10 mm. The frequency distribution function of RBC velocity was obtained in the control state and at 3 mins after KCl application by counting RBCs with velocities in each successive 0.5 mm/s range (Unekawa M et al. Asian Biomed 2008;2:203). CSD was induced by application of approximately 10 ml of KCl solution of 0.3 M or more on the brain surface around the ROI. Results: Nine pairs (control and 3 mins after application) of microscopic images (3 to 10 s, or 1500 to 5000 frames each) were successfully obtained. From the data, 97 and 174 RBCs were defined as flowing in single capillaries among 3611 and 3894 detected RBCs, respectively. The average velocity decreased from 2.05±1.31 mm/s to 1.97±1.27 mm/s, but this decrease was not statistically significant. During CSD, there was transient flow cessation. However, it was too short to affect the average value. Analysis every 0.1 or 0.2 s revealed transient suppression of RBC appearance lasting 0.3 to 0.6 s in 4 rats. During the suppression period, the frequency distribution of RBC velocity in all vessels, including capillaries, arterioles, venules and veins, showed a notable decrease of RBCs with velocity in the range of 1.0 to 2.5 mm/s, but fastflowing RBCs (more than 5 mm/s) persisted (Figure) . During the same period, capillary RBCs disappeared or their velocity fell below the calculable limit of ca. 0.2 mm/s. Exceptionally, RBCs flow remained consistently fast in one capillary. Conclusion: Potassium-induced CSD decreased the number of RBCs flowing in capillaries in the velocity range that was most frequently seen in the control, and a similar tendency was seen in non-capillary vessels. 
Shift of frequency distribution function of RBC velocity in parenchymal
